A potential gain-of-function variant of SLC9A6 leads to endosomal alkalinization and neuronal atrophy associated with Christianson Syndrome.
Loss-of-function mutations in the recycling endosomal (Na+,K+)/H+ exchanger gene SLC9A6/NHE6 result in overacidification and dysfunction of endosomal-lysosomal compartments, and cause a neurodevelopmental and degenerative form of X-linked intellectual disability called Christianson Syndrome (CS). However, knowledge of the disease heterogeneity of CS is limited. Here, we describe the clinical features and underlying molecular and cellular mechanisms associated with a CS patient carrying a de novo missense variant (p.Gly218Arg; G218R) of a conserved residue in its ion translocation domain that results in a potential gain-of-function. The patient manifested several core symptoms typical of CS, including pronounced cognitive impairment, mutism, epilepsy, ataxia and microcephaly; however, deterioration of motor function often observed after the first decade of life in CS children with total loss of SLC9A6/NHE6 function was not evident. In transfected non-neuronal cells, complex glycosylation and half-life of the G218R were significantly decreased compared to the wild-type transporter. This correlated with elevated ubiquitination and partial proteasomal-mediated proteolysis of G218R. However, a major fraction was delivered to the plasma membrane and endocytic pathways. Compared to wild-type, G218R-containing endosomes were atypically alkaline and showed impaired uptake of recycling endosomal cargo. Moreover, instead of accumulating in recycling endosomes, G218R was redirected to multivesicular bodies/late endosomes and ejected extracellularly in exosomes rather than progressing to lysosomes for degradation. Attenuated acidification and trafficking of G218R-containing endosomes were also observed in transfected hippocampal neurons, and correlated with diminished dendritic branching and density of mature mushroom-shaped spines and increased appearance of filopodia-like protrusions. Collectively, these findings expand our understanding of the genetic diversity of CS and further elucidate a critical role for SLC9A6/NHE6 in fine-tuning recycling endosomal pH and cargo trafficking, processes crucial for the maintenance of neuronal polarity and mature synaptic structures.